The aim of this paper was to present the results of comparative evaluation of the usefulness of PCR method for the detection and identification of bovine DNA in feeds. In the validation study, the limit of detection for PCR was determined as 0.05% for bovine meat and bone meal (MBM). Among 132 feed samples, bovine DNA was detected in eight (6.06%) samples. In the next stage of the study, sediment and flotate from the investigated samples were examined with PCR. Out of 132 sediment and flotate samples, bovine DNA was detected in eight (6.06%) and nine (6.82%) samples, respectively. On the basis of the results obtained with the use of the PCR, it is possible to state that the molecular biology methods can, at present, be used as supplementary tools for detection and identification of bovine MBM.
Introduction
Due to an outbreak of bovine spongiform encephalopathy (BSE) the European Union has taken several decisions in order to avoid the transmission of its most probable causative agent through the food chain. Currently, with exceptions of fish meal, processed animal proteins (PAP) are banned to use as feed material for all farmed animals, which is regulated by several decisions and regulations published (7, 9, 10, (36) (37) (38) . It is worth noting that regulations clearly indicate the need for a revision of the policy concerning meat and bone meal (MBM) ban once new and more specific control methods are available. In the future, reducing the restriction of the PAP use is being planned. Cancellation of the ban on the use of PAP from non-ruminant feed could be considered, but without lifting the existing prohibition on intra-species recycling (e.g. poultry MBM only for pigs feeding) (10) . Currently, the official control method in the EU is based on the detection of constituents of animal origin in feeds by microscopic analysis. Bone fragments are main visible characters of animal origin that might be present in feeds. Additionally, cartilage, hair, feather filaments, egg shells, fish scales, gills, and muscle fibers may also be present and can be detected by microscopic method (8) .
On the account, elaboration of new methods for the species identification of MBM are necessary and has prompted numerous studies (4, 11, 16, 18, 20, 22, 27, 29, 31, 33, 40) . The application of molecular techniques, which tend to be more sensitive and applicable even to high-processed products, has gained an increasing interest. Several studies have dealt with the application of polymerase chain reaction (PCR) for the detection of bovine tissue in animal feeds (3, 27, 28, 39, 41) . In many studies (3, 5, 6, 12, 14, 26, 29, 30, 32) , a species-specific PCR has been developed to identify bovine, porcine and avian tissues in meat and bone meal.
In the present work, a specific PCR-based procedure was optimised for identification of bovine DNA in feeds. The sensitivity and usefulness of PCR method were discussed with the reference to the results obtained.
Material and Methods
Samples used in the study. Samples were divided into three groups:
1. Different meat and bone meals (bovine, pork, poultry), fish meal, and other materials of animal origin, such as powdered milk and dried whey. Extraction and preparation of the sediment and flotate. Five grams of each sample was put into a beaker, and treated with 50 mL of tetrachloroethylene. The mixture was mixed and left to stand for at least 5 min to allow the sediment to be separated. The sediment and flotate were dried in a fume cupboard (8) .
PCR protocol. Total DNA was extracted from 200 mg of sample using Wizard Magnetic Purification DNA System for Food (Promega), according to the manufacturer's instructions. Positive and negative DNA controls were included in all PCR. DNA from feed samples contaminated with 2%, 1%, 0.5%, 0.2%, 0.1 %, and 0.05% of bovine MBM were analysed to measure the amplification efficiency of species-specific primers. PCR reactions were run individually for particular species in a thermocycler (Biometra). Reaction mix contained: DNA template; 1U of Taq polymerase; 10 × Taq buffer; 2.5 mM of dNTPs; 50 mM of MgCl 2 ; nucleotide primers and water to the final volume of 50 μL. The sequences and characteristics of the primers used are shown in Table 1 .
Different concentrations of reagents were used. Mixtures of dNTP were used in concentration ranging from 0.03 mM to 0.08 mM, MgCl 2 -from 0.6 mM to 1.6 mM, and primers -from 0.12 μM to 0.24 μM.
PCR was run under the following conditions: initial DNA denaturation at 94ºC for 10 min, followed by 30 cycles of denaturation at 94ºC for 1 min; annealing at different temperatures from 48.5 to 59.5ºC (the change 1ºC) for 1 min, and elongation step at 72ºC for 1 min; the final extension step was performed at 72ºC for 1 min. Amplified products were analysed by electrophoresis in 2% agarose gel and visualised by ethidium bromide staining. The gels were photographed under UV light using the documentation system (Vilber Lourmat). The sizes of the PCR amplicons were compared to the 50 bp DNA marker (Fermentas).
PCR method, as a qualitative analysis, determines the presence or absence of terrestrial animal material (MBM). The obtained results were analysed by classical statistics and the following parameters of the method were identified: accuracy (AC), sensitivity (SE), specificity (SP), and limit of detection (LOD).
Accuracy (fractions of correct positive and negative results) was calculated by the following equation:
where PA is the number of correct positive results (positive agreements), NA the number of correct negative results (negative agreements), ND the number of false negative results (negative deviations), and PD the number of false positive results (positive deviations).
Sensitivity (ability of classifying positive results as positive) was calculated as follows: Specificity (ability of classifying negative results as negative) was calculated as follows:
The AC, SE, SP, and LOD were calculated for bovine MBM. initial DNA denaturation at 94ºC for 10 min, followed by 30 cycles of 94ºC for 1 min, 55ºC for 1 min., and 72ºC for 1 min; the final extension step was done at 72ºC for 1 min.
In the second step, validation of the elaborated PCR procedure was done, and the performance criteria for the method were established. It was shown that the limit of detection for this method was 0.05% for bovine MBM (Fig. 1) .
Results of analysis of feed samples spiked with bovine meat and bone meal are presented in Table 2 and Table 3 . In samples spiked with bovine and bonemeal on level "0", medium level (1%), and high level (5%) all obtained results were marked as compliant. Among 20 feed samples spiked with low level (0.05%) of MBM, five samples were marked as not compliant.
The performance criteria obtained for PCR-based procedure for bovine MBM were as follows: accuracy (AC) -93.8%, sensitivity (SE) -91.7%, and specificity (SP) -100%.
The obtained results demonstrated that by using PCR method it is possible to detect the presence of different materials of cattle origin, e.g. powdered milk, dried whey (Fig. 2) . The established and validated procedure was used for further comparative studies.
In the further studies performed, it was shown that out of 132 samples examined by PCR, bovine DNA was detected in eight (6.06%) samples (Table 4) . Bovine DNA was detected in two (6.45%) out of 31 samples of compound feeds for swine, and in six (13.95%) out of 43 samples of feed materials.
In the next stage of the study, sediment and flotate prepared from all investigated samples were examined by PCR. Out of 132 sediment samples, bovine DNA was detected in eight (6.06%). Among 132 flotate samples, bovine DNA was identified in nine (6.82%) samples (Table 4) . 
Discussion
The European Union feed law restricts the use of processed animal protein in animal feed. The condition for lifting the ban on the use of MBM is the development and implementation of a test method that allows the identification of protein species. Different methods, mainly PCR, were already developed for identification of different animal species (12, 34) or only ruminant species (14, 17, 19, 28, 39, 43) . In these analyses, samples were used with the addition of MBM above 0.1%.
In PCR studies performed on test samples fortified with processed animal protein, limit of detection (LOD) was determined on the level of 0.05% for cattle. Among 132 samples, in eight (6.06%) bovine DNA was found. The low percentage of positive samples detected can result from the existing regulations, which ban using the additives of meat-bone meal. The results received in this study are more reliable than those in previous one (28) . For this reason, PCR targets must be shorter than 174 bp for the detection of MBM that was steam pressure-sterilised (17, 39) .
It should be noted that it is possible that the presence of inhibitors suppresses the reaction. Boom et al. (2) showed that inhibitors appearing in feeds can bind the particles of silica in the last stage of cleaning process of DNA, which perhaps can be a reason of not always correct results obtained in the examination of processed animal protein with the method described by Tartaglia et al. (41) . Moreover, sediments and flotates prepared according to guidelines of distributing the sample for the microscopic method were examined with PCR. For all samples previous results of PCR were confirmed. Additionally, in one flotate of a sample of compound feed for swine, the bovine processed animal protein was identified. These results indicated that the use of tetrachloroetylen does not influence results of the examination with PCR.
Furthermore, it should be mentioned that with the microscopic method, detection of even a small addition of MBM in feeds is relatively easy. In special cases, the usage of various methods in order to obtain more detailed information would be advisable (12, 13) . For example, applying the PCR is sometimes necessary to determine the kind of origin of MBM. Besides, PCR is a technique, which would supplement the results of microscopic observation considering the elements devoid of the characteristic morphological structure (15, 21, 23, 35, 44) . Both methods are characterised by very high sensitivity. The analysis of the results received with the help of the microscopic method and PCR has shown that molecular biology methods can be used as supplementary tools, according to the suggestions of different researchers (25, 34, 42) . It results from the fact that the microscopic method gives credible results also in highly processed animal feeds, but with retained morphological structures, even when the genome material is highly degraded. On the other hand, the PCR offers an alternative method of analysis of samples with genomic material, even in the case of the lack of typical and characteristic morphological structures.
Currently, a range of analytical approaches has been undertaken in order to elaborate reliable methods for determining the animal species in a wide array of degraded and processed substrates, mainly based on DNA. The disadvantages of protein-based methods can be solved with methods based on the presence of species-specific DNA sequences, detected by techniques such as PCR. The amplification of specific DNA sequences by PCR provides a rapid, sensitive, and specific method for detection of animal tissues in food and feed (1) .
